Use of prostheses such as complete dentures is often avoided in dysphagia rehabilitation for the elderly due to the effects of the palate covering. However, the influence of the palate covering is relieved over a short time (approximately 7 days), suggesting that the commonly used approach should be reconsidered.
Introduction
The elderly often require dentures that cover the palate due to their few remaining teeth, 1 and often have reduced swallowing function due to age or underlying diseases such as cerebrovascular diseases and asymptomatic cerebral infarction. [2] [3] [4] [5] [6] However, dentures are often avoided in the elderly especially with dysphagia due to their ill-fitting dentures and disadvantages such as the uncomfortable sensation caused by the palate covering. Therefore, to elucidate the relationship between the palate covering and swallowing function is an most important issue. In the oral preparatory stage and oral stage of swallowing, 7 the tongue is responsible for putting food in the mouth, mastication, bolus formation, and transport to the pharynx. Kahrilas et al 8 reported that the most important factors in the oral stage are that the tongue apex transports the bolus to the pharynx by appropriate fixation, acts as an anchor of the wavelike movement of the tongue, makes a concave shape in the midline of the dorsum of the tongue while the lateral region of the tongue contacts the lateral region of the palate, and subsequently makes the dorsum of the tongue contact the anterior to posterior region of the palate. The importance of appropriate contact between the tongue and the palate was pronounced, and tongue dynamics have been studied using ultrasonography 9 and contact pressure sensors 10 with advanced ME technology. A palate-covering prosthesis may have a structural and physical influence on swallowing func-tion due to a reduction in the oral cavity volume or sensory deprivation, and may particularly affect tongue function 6, 11, 12 in the oral preparatory stage and oral stage of swallowing. However, the detailed effects on swallowing function caused by covering a palate with dentures are unknown. In general, patients may become accustomed to the palate being covered by a prosthesis in one week, in terms of articulation and foreign-body sensation. [13] [14] [15] [16] [17] [18] The relationship between habituation to a palate covering and swallowing function have not been examined except by Ando et al 19 who reported the relationship between swallowing following mastication and habituation to an experimental palatal plate. Furthermore, which stages were influenced by palate covering in 5 stages (anticipatory stage, oral preparatory stage, oral stage, pharyngeal stage, esophageal stage) of swallowing process are unknown. Therefore, we measured surface electromyography (EMG) of the suprahyoid muscles and tongue pressure against the palate in subjects with healthy dentition who wore experimental palatal plates for 2 weeks, in order to clarify the temporal changes in swallowing function with habituation to a covered palate.
Materials and methods

Subjects
The subjects were 5 males and 5 females with a mean age of 28.1 ± 3.0 years old. All subjects had healthy dentition and no problems with their swallowing function. Informed consent was obtained from all subjects according to the protocol approved by the Ethics Committee of Iwate Medical University, School of Dentistry (Approval No.01055).
Experimental palatal plate
Impressions of the upper jaws of the subjects were taken using silicon impression material (Exahiflex, GC, Tokyo, Japan) to make plaster models. Two experimental palatal plates were made using heat-curing denture base resin (Acron, GC) using the standard manufacturing procedure for dentures. One was used to measure tongue pressure against the palate during swallowing, and the other was used for the subjects to get accustomed to the palate covering. Each experimental palatal plate had a 2-mm thickness and uniformly covered the whole hard palate (Fig. 1) . The anterior and lateral margins contacted the lingual cervical regions of the teeth and the posterior margin was determined based on the Ah-line. Compact pressure sensors with a diameter of 6 mm and a thickness of 0.6 mm (PS-1KC-S-S1, Kyowa Electrical Instruments, Tokyo, Japan) were placed into the experimental palatal plate using a self-curing resin (UNIFAST II, GC) to measure tongue pressure during swallowing in four palatal regions: the anterior, anterior-lateral, posterior-lateral, and posterior parts of the palate. For each sensor, a lead with a diameter of 1 mm was placed into the experimental palatal plate, and ran from distal of the second molar through the oral vestibule and came out from the angle of mouth.
Measurement of swallowing function
The subjects sat upright at a 90-degree angle and the Frankfort plane was adjusted parallel to the floor using a headrest. Swallowing function was evaluated by surface EMG of the suprahyoid muscles and tongue pressure against the palate. A polygraph (Polygraph 361, Japan GE Marquette, Tokyo, Japan) and bipolar surface Ag-AgCl electrodes with a diameter 8 mm were used to record surface EMG activity of the suprahyoid muscles from the anterior belly of the right digastric muscle at an interelectrode distance of 20 mm. The experimental palatal plate was placed in the upper jaw of each subject and output from the compact pressure sensor was amplified using a dynamic strain recorder (DPM-611A, Kyowa Electronic In- The subjects swallowed 3ml of water at a temperature of 37°C. They were asked to put the water on the anterior floor of the oral cavity proper and then close their mouth to hold and swallow the water according to instructions. The same process was repeated three times, and the overall measurement procedure was performed 6 times: immediately after placement of the experimental palatal plate (Day 0), and on Day 1, Day 3, Day 7, Day 10, and Day 14. After the first measurement, the subjects wore another experimental palatal plate each day except for 8 hours at night to get accustomed to the palate covering. Data for EMG and tongue pressure were converted from analog to digital using an A/D converter (PowerLab16/30, AD Instruments Japan, Tokyo, Japan) with a frequency of 2 kHz, which was synchronized and recorded on a PC. The data ( Fig. 2) were analyzed for each measurement day with software (Chart ver.5.0, AD Instruments Japan).
Onset of tongue pressure on anterior, anteriorlateral, posterior-lateral and posterior regions of the palate (TP A on, TP AL on, TP PL on, TP P on) was determined from the onset of activity of the suprahyoid muscles (SHon), and the order of onset of tongue pressure was investigated on each measurement day. The duration of EMG activity of the suprahyoid muscles was defined as the time for total swallowing (DTS) and temporal changes were investigated. To investigate which period in total swallowing was effected by habituation to the palate covering, DTS was divided into 3 stages, the oral preparatory stage, oral stage, and pharyngeal stage, and temporal changes in these time periods were also assessed. The duration of the oral preparatory stage (DOPS) was defined as the time from onset of SHon to tongue contact with the anterior region of the palate (TP A on), the duration of the oral stage (DOS) was defined as the time from TP A on to the point of maximum tongue pressure in the posterior region (TP P max), and the duration of the pharyngeal stage (DPS) was defined as the time from TP P max to the termination of activity of the suprahyoid muscles (SHoff).
Statistical analysis
Statistical analysis was performed using SPSS ver.15.0J (SPSS Japan Inc, Tokyo, Japan). To elucidate the temporal changes in the order of EMG activity of the suprahyoid muscles and tongue pressure, and temporal changes in the duration for swallowing, statistical analysis was performed using one-way repeated measures ANOVA, and a multiple comparison was conducted by Tukey's test, with a significance level of 0.05.
Results
Order of onset of EMG activity of the suprahyoid muscles and tongue pressure On all measurement days, SHon occurred significantly earlier in all regions compared to onset of tongue pressure. (Table 1, Fig.3 ) Tongue contact started in the anterior or anterior-lateral region of the palate, followed by the posterior-lateral region. Tongue contact with the posterior region was significantly delayed. These results remained constant on all measurement days. Figures 4-7 show the temporal changes in DST, DOPS, DOS, and DPS. A tendency for shortening of DTS and DOS was noted over time. DTS on and after Day 3 was significantly shortened compared to Day 0, and no significance shortening was noted among DTS on and after Day 7. DOS on and after Day 7 was significantly shortened, compared to Day 0. DOPS on Day 7 was significantly shortened, compared to Day 0 and 1. DPS showed no significant change over time.
Temporal changes in the duration of swallowing
Discussion
Definition of swallowing stages SHon was defined as the onset of swallowing movement, because tongue apex movement, activity of the tongue base, hyoid bone elevation, and activity of suprahyoid muscles start almost simultaneously at the onset of swallowing. 20, 21 The swallowing movement process has been suggested to differ from the command swallow of a liquid or the chew-swallow in the feeding sequence for food. 22 In this study, the command swallow of water was used, and the time required for swallowing was classified into three stages based on typical swallowing models, such as "the five-stage process of ingestion". 7 The definition of the time point that defines the end of the oral stage and the start of the pharyngeal stage varies among studies. This is often considered to be the time point at which the bolus head passes the posterior arch of the palate in studies using Videofluorography(VF). 2, 20 However, Shaw et al 3 suggested that this point might be depended on the subject's ability to control the bolus within the mouth, thereby recommended the time point which the bolus tail passes the posterior arch of the palate as the definition. Regarding tongue pressure, Taniguchi et al 23 found that VF and tongue pressure were synchronized, with the start of tongue contact in the posterior region matching the time the bolus head passes the pendulum of the palate, and the maximum tongue pressure in the posterior region coinciding with the time the bolus tail passes the pendulum of the palate. In this study, all subjects showed a similar pattern in which the pressure rapidly reached a peak immediately after the start of tongue contact in the posterior region. Therefore, the point of maximum tongue pressure in the posterior region of the palate was defined as the end of the oral stage and the start of the pharyngeal stage in this study.
Order of onset of EMG activity of the suprahyoid muscles and tongue pressure
Similarly to a previous study 24 using EMG, the activity of the suprahyoid muscles started at the earliest stage in this study. Subsequently, tongue contact was observed in the anterior region of the palate, followed by the anterior-lateral region and the posterior-lateral region. Tongue contact in the posterior region was the last to begin. In addition, tongue contact in the anterior-lateral region start- ed at almost the same time as, or at an earlier stage than, contact in the anterior region in some subjects. The temporal tongue contact pattern in each region agreed with the study of Ono et al, 10 in which tongue contact patterns during swallowing were investigated by placing seven pressure sensors in the experimental palatal plate. The tongue apex and the lateral part of the tongue should make contact with the anterior and lateral part of the palate, respectively, to make a concave shape in the midline of the dorsum of the tongue for the purpose of transporting a bolus to the pharynx, so the tongue may first contact the anterior region and then the anterior-lateral region of the palate. In addition, the pattern of tongue contact with the palate when swallowing may involve functional adjustment of the shapes of the tongue and palate, which leads to individual differences and may be influenced by the viscosity and volume of food. 8 Further studies are required to address these issues. Similar results were observed on all measurement days. We note that the experimental palatal plate used in this study was only 2-mm thick, and this may not have changed the order of tongue palate contact during swallowing. In a future study, a more detailed investigation of this issue is required, including an examination of the effect of the thickness of the palatal plate in different regions.
Temporal changes in the duration of swallowing DTS was significantly reduced on and after Day 3 (compared to Day 0) and stabilized on and after Day 7. DTS on and after Day 7 was similar to the times of 1.10 sec reported by Shaw et al 3 (observation by VF of swallowing of 2 ml of a barium sulfate) and 1.08 sec found by Hrycyshyn et al 25 (observation of EMG activity of the suprahyoid muscles). A prolonged duration of swallowing may indicate difficulty with swallowing, and several studies suggest that the duration of swallowing in the elderly is longer than that in younger adults because of an age-related reduction in swallowing function. [2] [3] [4] Therefore, the palate covering temporarily lowered the swallowing function in this study, but this effect was reduced by habituation to the palate covering on and after Day 7.
The DOPS indicates the time the tongue apex picks up food from the floor of the oral cavity proper to the time when the apex contacts the anterior part of the palate. In this study, DOPS showed a tendency to shorten slightly over time, suggesting that the covering has only a small effect on tongue movement in the oral preparatory stage. The presence of the upper anterior teeth as a guide, rather than the effects of the palate covering, is of importance for the tongue function in the oral preparatory stage. In elderly patients, the tongue apex did not contact the anterior part of the palate and protruded from the oral cavity proper when the subjects did not wear their upper complete dentures, which resulted in prolongation of the oral preparatory stage. 11 The DOS indicates the duration from the time the tongue apex contacts the anterior part of the palate to the time when the bolus is transported to the pharynx, and this period significantly shortened over time. In contrast, the duration of the pharyngeal stage (DPS) did not show any significant changes over time. Voluntary movement occurs in the oral stage, whereas reflex movement is observed in the pharyngeal stage. Therefore, the palate covering may mainly influence the oral stage, rather than the pharyngeal stage. However, Ohmae et al 26 reported that changes in the anchor function of the tongue apex may have an effect on the contact between the tongue base and the posterior pharyngeal wall, resulting in effects on the pharyngeal stage. In the current study, the palate covering has an effect on the oral stage, but may have a secondary effect on the pharyngeal stage. The palate covering interfered with sensory nerve endings in the palate and changed the volume of the oral cavity and the shape of the palate, interfering with smooth contact between the tongue and the palate and prolonging the swallowing time. However, habituation to the palate covering and learning of the new pattern of tongue contact with the palate resulted in shortening of the oral stage over time, which contributed to shortening the overall duration of swallowing.
This study was limited to young and healthy dentulous subjects, suggested that the influence of the palate covering on swallowing function is relieved over a short time (approximately 7 days). Our results supported several studies using an experimental palatal plate suggested that it needed 3-7days [16] [17] [18] to habituate to the articulation with a palate covering. Correspondingly, in terms of swallowing, our results were similar to the 3 days over reported by Ando et al 19 (observation by surface EMG of suprahyoid and infrahyoid muscles of swallowing following mastication). Therefore, the commonly used approach in the elderly with dysphagia, such as avoiding dentures due to their disadvantages, should be reconsidered. However, there are many factors related to habituation to cover a plate, such as age, types of edentulous jaw, food viscosity and consistency for swallowing, denture design, time for wearing, et al. In a future study, a more detailed investigation is required.
Conclusion
The duration of total swallowing was significantly shortened on and after Day 3, compared to the value immediately after placement of the experimental palatal plate covering, and stabilized on and after Day 7. This change was mainly caused by significant shortening of the oral stage of swallowing which reflected voluntary movement. In contrast, there were no significant changes over time in the duration of the pharyngeal stage of swallowing, which reflects reflex movement.
